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BftOqSRCPND OF THE BTOEWIICN 

Methionine is an essential amino acid in the diet of aninals and is used 
widely as a food and feed supplement. It is conventionally produced by 
various multi-step chemical syntheses which generally employ acrolein, 
methyl mercaptan, and cyanide as starting materials. (H.H. Szmant, "Organic 
Building Blocks of the Chemical Industry," page 182, John Wiley & Sons, New 
York, 1989.) There are two resulting product farms: D,L-methianine and its 
hydroxy analog, unlike all other amino acids, D-rethianine is converted to 
the required L-farm in vivo . As a result, r*°*"~>i syntheses, which 
typically result in the D,L mixture, are feasible and cost-effective in this 

However, fermentation production methods, which are common methods for 
making many low-cost amino acids, do not exist in the case of methionine. 
(K. Aida, I. Chibata, K. Nakayama, K. Takinami, and H. Yamada, * 
"Biotechnology of Amino Acid Production." pjsgsaa j p T P '1 " g< T <a r' 
MicrobioloQv 24. Elsevier, 1986.) This is surprising given that the 
biochemically r elated essential amino acids lysine and threonine are both 
produced cost-effectively by fermentation methods using inexpensive raw 
materials such as molasses, starch hydrolysates, com steep liquor, and soy 
hydrolysates. (See far example: P.L. Rogers, R.G. Call, D.F. Midgley, and 
c. Fryer, "Uie Prospec ts fee L-lysirie Production in Australia," Food 
Technology in Australia 3B. pp. 514-518, 1986; and S. Furukawa, A. Ozaki, 
and T. Nakanishi, "IrThreonine Production by IrAspartate- and IrHomoserine- 
resistant mutant of Escherichia 0034," fnflfrfl ^ rrobiolcav and 

PH^ny aSi pp. 550-553, 1988.) 

Various microbes have been used to produce L-lysine and Irthreonine. These 
have been developed through classical methods of mutagenesis and selection 
as well as genetic engineering. (K. Aida, supra. 1 Greatest success has 
been realized historically with the Oftryrw»^.r^«H a and Brevitecteria. but it 
is also clear that other microbes such as Escherichia coli are viable. 

There is a need far methods to reduce the metabolic cost and complexity of 
methionine biosynthesis, ideally making it similar to that far lysine or 
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threonine, such that an economical fermentation production of methionine is 
possible. 



SPMMMg OF THE TtNENFIW 

There are provided feasible f ementation methods for methionine synthesis 
ocnprising the use of reduced sulfur oonpounds instead of sulfate as the 
fermentation sulfur source and/or ocnprising- re-designing and thereby 
simplifying the biochemical pathway. Also provided are fermentation 
methods fear homocysteine synthesis ccqa; isin g the use of reduced sulfur 
cenpounds instead of sulfate as the fermentation sulfur source and/or 
ocnprising red e s i g n ing and thereby simplifying the biochpmiral pathway, m 
a preferred embodiment of the present invention the reduced sulfur source is 
hydrogen sulfide, methyl mercaptan or salts thereof. 

Ih another preferred embodiment of the present invention there are provided 
improved methods far such fermentation processes ocnpr i sing re-designing or 
modifying and thereby sinplifying the biochemical pathway. 

BRIEF DESCHHTrCN OF TOE DRAWINGS 

Figure la is the oenmon faiosynthetic pathway to Lysine, Methionine aai 
Direanine in Escheridiia ooll . 

Figure lb is the Threonine biosynthetic pathway in Bscherirfria coli . 

Figure 1c is the lysine biosynthetic pathway in Escherichia coli . 

Figure Id is the Methionine biosynthetic pathway in Escherichia coli . 

Figure 2. Variations in the pathways far Methionine biosynthesis; (1) 
Transsulfurylatian pathway; (2) Sulfhydrylation pathway; (3) 
Methyl sul fhydrylation pathway. 

DSE&HTO DESCRIPITON OF THE IHVEMHPN 

Ohe present invention relates to methods far the fermentation synthesis of 
methionine and homocysteine. To understand *fcy a cost-effective 
fermentation method far methionine synthesis does not exist, whereas such 
methods are available for lysine and threonine, it is instructive to 
consider in more detail the differences among the methionine, lysine, and 
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threonine biasynthetic pathways. All three amino acids are bi ochemically 
derived from the sane intermediate metabolite, aspartic add (Fig. 1) . m 
fact, threonine and methionine also share additional biochemical s teps and 
the common intermediate homoserine. But the syntheses diverge substantially 
when their specific pathway branches are considered (Fig. l) . ^ are 
compared in Table I (J.L. Ingraham, 0. Maaloe, and F.C. Neidhardt, "Growth 
of the Bacterial Call," pp. 122-135, Sinauer Assoc., Inc., Sunderland, 
Mass. , 1983.) One pathways present in IL coli are chosen as a basis of 
comparison, recognizing however that there is diversity in these pathways 
among microbes and plants and that this comparison ghcqlfl in no way be 
interpreted as limiting the present invention to pathways using coli . 
(K.M. Herrmann and R.L. Somerville, Chapters 9-13 in "Amino Acids: 
Biosynthesis and Genetic Regulation, « Addisan-Wesley Publishing Co., 1983; 
W.B. Jakoby and O.W. Griffith, Section m.D. in Methods in P nzvmoloav n* . 
Academic Press, New York, 1987.) 

table I 

BioehgrHnal wmi^ryf Blnrirff W*ft> * to Synthesis 
Lysine, Threonine, and Methionine 

syate ATP NSppqi=C _S_ 

1 2 3 0 0 
0 2 2 0 0 

0 7 8 1 1 

It is evident from Table I that the biochemical energy requirements for 
methionine biosynthesis, in terms of adenosine triphosphate (ATP) and 
reduced nicotinamide adenine dinucleotide phosphate (NftDEH) , are about 
three times higher than for lysine and threonine. is due to the 

requirements of sulfate assimilation (J.L. Ingraham, supra .) a total of 
three moles of ATP and four moles of NMJPH are required to biochemically 
reduce sulfate to sul fide . Two additional moles of ATP are required, one 
each to transport sulfate into the cell and to incorporate sulfide into 
cysteine. It is cysteine, finally, that serves as the sulfur donor in the 
biosynthesis of methionine (Fig. 1) . m addition, inethionine biosynthesis 
uniquely requires the incorporation of a methyl group (Fig. l, Table I) . 
This is derived as 5- aethyl-tetrahydrofolate (CH3-THF) from the conversion 
of serine to glycine. Clearly considering the foregoing, the metabolic cost 



Amino Acid Aspartate 

Lysine l 
Threonine l 
Methionine l 
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and complexity of synthesizing methionine with sulfate as the sulfur source 
is such greater than that for lysine or threonine. 

•mere is natural diversity among microbes and plants in the biosynthesis of 
methionine. Tbis is represented schematically by Figure 2 aixi can be 
sunmarized as follows (K.M. Herrmann, sunra: W.B. Jakcky, supra: FX. 
Neidhardt, C h apte r 27 in Escherichia ooli and SRlTmnplla tYphiirnnHnm | 
American Society far Microbiology, Washington, D.C., 1987; M. Dixnn and E.C. 
Webb, "Itozymes," 3rd edition, Academic Press, New York, 1979; S. Yamagata, 
Biocfaime 21 (1989) 1125-1143) : . 

1) In the methionine biosynthetic pathways of all microbes, hanoserine is 
first activated either ty suocinyl-OcA coli arri g± tM3iimurium) or 
aoetyl-CfcA (fungi, yeast, and bacteria such as Brevibacterium and 
Bacillus) . Th e s e reactions are catalyzed by hanoserine 
succiryltransf erase (EC 2.3.1.46) and hanoserine acetyltransf erase (EC 
2.3.1.31), respectively. 

2) m the methionine biosynthetic pathway of plants, hccoserine is 
activated by ATP in a reaction catalyzed by hcncserine kinase (EC 
2*7.1.39) . The hCDoserine kinase reaction aim occurs in microbes, 
but the resulting O-phosEfccbcnoserine is an intermediate in threonine, 
but not methionine, biosynthesis, "i*™* in plants 0-phos{hohomoserine 
is the branchpoint between the methionine and threonine pathways, 
vhfireas in microbes the b ra n c hp oint is hanoserine. 

3) In the microbial transsulfurylation route to methionine, 
acylhcmoserine, in reactions catalyzed by O-succinylhcnoserine 
(thiol) -lyase (EC 4.2.99.9) and cystathionine 0-lyase (EC 4.4.1.8) , 
accepts reduced sulfur frcm cysteine to give homocysteine. (O 
Succii^lhcanoserine (thiol) -lyase is also known as cystathionine 7- 
syxxthase.) 

4) In the microbial sulfhydrylation route, homocysteine is produced 
directly from acylhcmoserine and sulfide by O-suodLrylhcraoserine 
(thiol) -lyase or O-acetylhcnoserine (thiol) -lyase (EC 4.2.99.10) . O- 
acetylhanoserine (thiol) -lyase is also known as homocysteine synthase 
and methionine synthase. 
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5) In the microbial metbylsulfhydrylation route, methionine is produced 
directly from acylhomoserine and methyl mercaptan by O- 
sua^lhomoserine (thiol) -lyase or O-acetylhcocserine (thiol) -lyase. 

6) The transsulfhydrylatian and sulfhydrylation routes in plants are 
catalyzed by cystathionine 7 -synthase, one plant enzyme cystathionine 
7 -synthase is distinct from EC 4.2.99.9 and is unique in using O- 
phosphohcmcserine as a substrate. 

7) H o m oserine is a poor substrate of O-acetylhomoserine (thiol) -lyase, 
except in the case of the enzyme from rr^^aramces pomba (s. 
Yamagata, supra) . 

The methionine biosynthetic enzymes above belong to the group of pyridoxal 
phosphate-containing enzymes. T hese are flexible catalysts known to carry 
out various elimination and replacement reactions. (C. Walsh, Chapter 24 in 
"Enzymatic Reaction Mechanisms," W.H. Freeman & Co., San Francisco (1979) . 
toother of this group, tryptophan synthase con ve rt s serine and sul fide , at a 
very high rate to cysteine (K. Ishiwata, T. Makamura, M. Sbimada, and N. 
Makiguchi, "Enzymatic Production of IrCysteine with Tryptophan Synthase of 
Escherichia cgli," J. Fermentation and Binenainpm-^^iq cy. 169-172, 1989). 
Ibis reaction is analogous with the reaction of homoserine and sulfide. 

The various reactions relating to sulfur incorporation and methionine 
biosynthesis have yet to be considered in the design of a viable 
fermentation method. The use of fail fide or methyl mercaptan ins tead of 
sulfate reduces the metabolic cost of methionine synthesis to the leve ls of 
lysine and threonine. In the present invention two ATP and three NADPH are 
required since the active trans po rt of sulfate, reduction of sulfate, and 
synthesis of cysteine are all eliminated. 

Use of sulfide or methyl mercaptan also reduces the metabolic complexity of 
methionine biosynthesis since the biosynthesis of cysteine and, in the case 
of methyl mercaptan, CH3-THF are eliminated. Further simplification is 
possible and may be desirable by adapting the plant biosynthetic pathway to 
microbes by methods known to those skilled in the art. Since homoserine 
kinase is already present as an enzyme functioning in the microbial 
threonine pathway, this modification requires only introduction of plant 
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cystathionine 7-lyase activity. This could be arrew^jcfroH by structurally 
modifying micro bia l O-acylhcooserine (thiol) -lyase oar by expressing plant 
cystathionine 7-lyase in the producing microbe. Alternatively, structural 
modifications could be made in these enzymes or other cairLidate pyr idcoca] 
phosphate enzymes such as tryptophan synthase in order to effectively use 
homoserine directly as a su bstra te in sulfur ircarporatian. or the O- 
acetylhcmoserine (thiol)-lyase torn iL. trnhp could be used without 
modification. 

While reduced forms of sulfur would be preferred to minimiz e the requirement 
for biochemical energy, other more oxidized forms of sulfur are also 
be n e f icial. As described above, an improvement through metabolic 
simplification results whenever sulfide, rather than cysteine, is 
incorporated directly into hcmoserins or an activated derivative. Tt mq mare 
oxidized forms such as sulfate, sulfite, and thiosulf ate may be provided as 
sulfur sources and biochemically reduced to s ulfide , s ulfit e and 
thiosulfate also diminish the need for biochemical energy relative to 
sulfate sinc e they are more reduced forms, although the energy requirement 
is greater than for sulfide or methyl merc apta n. 

By reducing the cxmplexity of the methionine biosynthetic pathway, the 
engagement of microbial metabolism in methionine over-production is less 
extensive. This reduces the number of genetic changes that mast be 
introduced into the producing microbe by classical or genetic engineering 
methods in order to de-regulate methionine biosynthesis and limits the 
disruption of microbial metabolism, in general. As used herein, "de- 
regulate" means any effect on the self-regulation of the microbial 
metabolism far example, any effect on microbial self-regulation by feed - bac k 
inhibition or r epres si on . Such de-regulation can be achieved ** Tr ™» jh 
methods known to those skilled in the art such as far exanple, ^ia«j r^i 
mutagenesis and selection or genetic engineering. 

lhe net result is to transform the methionine biosynthetic pathway to one 
that co m pa r es favorably with those for lysine and threonine in terns of 
metabolic cost and complexity. In this way, a feasible fermentation method 
of methionine -production can be realized. 
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Die following disclosure is intended to serve as a representation of 
embodiments herein, and should not be construed as limiting the scope of 
this application. 

Example }. 

laaaaaaaaflfciBi Ba&si 

Is. °2lii S*. alutamicum. and JL flavum are de-regulated far homoserine over- 
production by classical oar genetic engineering methods. The sulfhybrylation 
route to methionine is introduced into these microbes by transforming them 
with plasmid(s) encoding homoserine acetyltransf erase, O-acetylhccxDserine 
(thiol) -lyase, and homocysteine methylase. Die parent and transformed 
microbes are cultivated individually in a fermentation medium containing 
glucose, soy hydrolysate, and inorganic n utrient s. Die medium is 
supplemented either with sulfate oar sulfide as a source of sulfur for 
methionine produ ct io n . Table I indicates the relative amount of methionine 
that is produced by each strain. 





Table I 




Microbe 


Sulfur Source 


Methionine 
Produced* 


Ss. coli parent 


sulfate 




E. coll parent 


sulfide 




Si. coll transfarmant 


sulfate 


+ 


E» coll transfarmant 


sulfide 


+f 


C. alutamicum parent 


sulfate 




fix, glutamicum parent 


sulfide 




C± glutamicuro transfarmant 


sulfate 


+ 


£s. alutamicum transfarmant 


sulfide 


++ 


B. flavum parent 


sulfate 




Ej. flavum parent 


sulfide 




B, flavum transfarmant 


sulfate 


+ 


flavum transfarmant 


sulfide 


-H- 



* low (-) , medium (+) , high (++) 



Example 2 

HcarevBtpinf* Production via aeyit^nr^ erina 

(aaaaflaiafeta 

The parent strains of Example 1 are dftletpd for hanocysteine methyiase activity. 
The microbes are then transformed with plasmid(s) encoding homoserine 
aoetyltransf erase and C>«cetylhoBoserine (thiol) -lyase. One homocysteine 
methyiase negative parent and transf armed microbes are cultivated as in Sample 
1. Table H indicates the relative amount of hanocysteine that is produced by 
each strain. 

'A 





Table U 




Microbe* 


puMtnr Spwpe 


Boffigmyiypfr^'i tip 


&B*joed** 


E, ooli parent 


sulfate 




E. ooli parent 


sulfide 




E. coll transf armant 


sulfate 


+ 


Et ooli transf annant 


sulfide 




C. crlufcamicum parwrt- 


sulfate 




C. qlutandcum parent 


sulfide 




C« crlutamicum transfnrmant 


sulfate 


+ 




sulfide 




fiifisam parent 


sulfate 




B. flavum parent 


sulfide 




B. flavum transf armant 


sulfate 


+ 


B. flavum transf annant 


sulfide 





*A11 strains lack homocysteine methyiase activity 
**low (-), medium (+), high (++) 



Example 3 

Methionine Production via Arylhoipserira 
fljBttKaayMialcyiafeieD Route) 
The strains of Example 2 are cultivated as in Example l except that 
msthylmercaptan is supplied as the supplemental sulfur source. Table m 
indicates the relative amount of methionine that is produced by each strain. 
Methionine production is indicative of a functioning nethylsulfhydrylation 
pathway. 
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Table HI 



Methionine 
Produced* * 



oqli parent 
EfL ooli txansf annant 

gJLi^gpicffli parent 
C«. qlutamicum transf annant 
1^ flavum pa rent 
B» flavum transf annant 



★All strains lack hcnocysteine methylase activity 
**low (-) , high (+*) 



Methionine Production via ^cyBtiu^msGerir^ 
^Ifhvrtrvlation Rooted 

The parent strains of Exanple 1 are transform with plasmid(s) encoding 

hcnoserine kinase, plant cystathionine 7-synthase and haanDcysteine methylase. 

The parent and transformed microbes are cultivated as in Exanple 1. Tab le IV 

indicates the relative amount of methionine that is produced by each strain. 



Microbe 


Sulfur Soiree 


EL ooli parent 


sulfate 


Ea. ooli, parent 


sulfide 


Jk ooli transf annant 


sulfate 


E» coli transf annant 


sulfide 


C. alutamicum parent 


sulfate 


C, qlutamicum parent 


sulfide 


qlutamicum transf annant 


sulfate 


C glutamiaim transf annant 


sulfide 


fia. flavum parent 


sulfate 


B« flavum parent 


sulfide 


fL_ flavum transf annant 


sulfate 


JL. flavum transf annant 


sulfide 



Methionine 
i* 



* low (-), medium (+), high (++) 
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Example 5 

Methionine Production via p^n^^rin^^ 
Mgfchyl m 1 1 ffrydrvlation Route) 

me dplpted parent strains of Example 2 are transformed with plasmid(s) e ncodin g 
hcnoser ine kinase and plant cystathionine 7 -synthase, Hie parent and transformed 
microbes are cultivated as in Bxarrple 3. Table V indicates the relative amount 
of methionine that is produced by each strain. 



Microbe* 
E. ooli parent 
E. ooli transfannant 
C. glutamicum parent 
C. crlutaai nrnu transfannant 
B. flavum parent 
B. flavum. 



Table V 



Methionine 



*A11 strains lack homocysteine methylase activity and were 
si^plied with methylmercaptan 

**low (-) , high (++) 

Example 6 

Methionine Product ion via Hanosetrli^ 
fSiilfhvrtTVlation Routed 

The parent strains of Exanple 1 are for their homoserine 

acyltransf erase activity, Die microbes are then transfaned with 

plasmid(s) encoding Oacetylhomoserine (thiol) -lyase from pcmbe and 

homocysteine metfaylase. Ihe parent and transformed microbes are 

cultivated as in Exanple 1. Table VI indicates the relative amount of 

methionine that is produced by each strain. 
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Table VI 




Microbe* 






Sulfur Source 


Produced** 


E« coli, parent 


sulfate 


- 


E» coli parent 


sulfide 


- 


JB» coli transf auuant 


sulfate 


+ 


fu. coli transf annant 


sulfide 




C crlutamicuni parent 


sulfate 


- 


qluta^gjrq parent 


sulfide 


• 


Cj, cflatemigsa transf arnant 


sulfate 


+ 


c « 3lHta™i,Qro transf annant 


sulfide 




Si. flavum parent 


sulfate 


— 


B. flavum parent 


sulfide 




fit flavum transf annant 


sulfate 


+ 


B» flavum transf annant 




++ 



*A11 strains lade hemoserine acyltransf erase activity 
**lcw (-) , medium (+), high (4+) 

. Example 7 
Methionine Production via 

Ohe d e l e ted parent strains of Exanple 6 are tr ansf ormed with a plasmid 
encoding O-acetylhcnoserine (thiol) -lyase from poaribe . The parent 
aid transformed microbes are cultivated as in Exanple 3. Table VH 
indicates the relative amount of methionine that is produced by each 
strain* 

Tfrfrte VEX 

lVTif^mVva* ^^^^ 

Microbe* Produced* * 

Jk coli parent 

JE» coli transf annant 

C. alutamicum parent 

glutamicum transf annant ++ 
fii. flavum parent - 
&. flavum transf annant 44. 



*A11 strains lack hemoserine acyltransf erase activity 
**low (-), high (++) 
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WHAT IS CLAIMED IS ; 

1. A method far enhancing methionine production in a fermentation process of a 
microbial cell by modifying the methionine biosynthetic pathway of said cell 
comprising the st ep s of: 

i. transforming or transducing a hcmoserine-activating enzyme gene 
fragment capable of expressing said hcroserine-activating enzyme and a 
sulfur-incorporating enzyme gene fragment capable of expressing said sulfur 
enzyme into said cell; 

11. growing said cell under such conditions that transformation or 

transduction of both gene enzymes are effected; 

i i i . recovering a transformed or transduced cell; and 

iv. adding an exogenous sulfur compound other than cysteine or methionine 

to said transformed or transduced cell as the sulfur source far methionine 

production. 

2. The method of claim 26 therein said exogenous sulfur c om p o und is a reduced 
sulfur cccpound consisting of hydrogen sulfide, methyl mercaptan or a salt 
thereof* 

3. Ohe method of claim 26 therein said exogenous sulfur ocnpound is an oxidized 
sulfur cccpound consisting of sulfate, sulfite or thiosulfate. 

4. Hie method of claim 27 or 28 wherein said hcmoserine-activating enzyme is 
selected from the group consisting, of homoserine kinase, hcmoserine 
acetyltransf erase and hcsnoserine succinyltransf erase. 

5. The method of claim 27 or 28 therein said sulftar-incxarparating enzyme is 
selected from the group consisting of (>suocinylhcsnoserine (thiol) -lyase, O- 
acetylhcmoserine (thiol) -lyase and plant cystathionine gansna synthase. 

6. The method of claim 27 Wherein said sulfurancarparating enzyme converts 
hcsnoserine and said hydrogen sulfide or a salt thereof directly to homocysteine. 

7. The method of claim 27 wherein said sulfur-incorporating enzyme converts 
hcmoserine and said methyl mercaptan or a salt thereof directly to methionine. 
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8. Die method of claim 28 wherein said sulfur-iiKXjrpctrating enzyme converts 
hcmoserine directly to homocysteine. 

9. A method far enhancing homocysteine production in a fermentation process of 
a microbial cell by modifying the methionine biosynthetic pathway of said cell 
occprlsing the steps of: 

i. transforming or transducing a hcmoserine-actdlvating enzyme gene 
fragment capable of expressing any said hcmoserine-activating enzyme but 
not including hcmxysteine methylase, and a sulfur-incorporating enzyme 
gene fragment capa b le of expressing said sulfur enzyme into said cell; 

ii. growing said cell under such conditions that transformation or 
transduction of both gene enzyme fragments are effected; 

iii. recovering a transformed or transduced cell; and 

iv. adding an exogenous sulfur ocnpourei other than methionine or cysteine 
to the said transformed or transduced cell as the sulfur source far 
homocysteine production. 

10. Hie method of claim 34 therein said exogenous sulftar c o mpound is a r educed 
sulfur oonpcund consisting of hydrogen sulfide, or a salt thereof. 

11. Hie method of claim 34 vfoerein said exogenous sulfur ccnpound is an oxidized 
sulfur compound consisting of sulfate, sulfite or thiosulfate. 

12. The method of claim 35 or 36 \*herein said homoserlne-activating enzyme is 
sel ect ed from the group consisting of hconoserine kinase, hamoserine 
acetyltransf erase and hcmoserine suocinyltransferase. 

13. Bib method of claim 35 or 36 therein said sulfur-incorporating enzyme is 
s elected from the group consisting of 0-«uocixylha(a>serim (thiol) -lyase, o- 
acetylhanoserine (thiol) -lyase and plant cystathionine gamma synthase. 

14. Otoe method of claim 35 wherein said sulfur-incarporating enzyme converts 
hcmoserine and said hydrogen sulfldp or a salt thereof directly to hcnocysteine. 

15. The method of claim 36 herein said sulfur-inoarporating enzyme converts 
hcmoserine directly to homocysteine. 
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16. Tbe method of claim 26 or 34 therein sa*^ tra re f gonad or transduced cell 
produces an amino acid that is greater than said amino acid of a non-transf armed 
or transduced cell. 

17. The method of claim 26 or 34 therein said transformed or trans duced eel] is 
se l ected from the group consisting of Carynebacteria, Brevibactaria or 
Escherichia coll. 
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AMENDED CLAIMS 

[received by the International Bureau on 3 August 1993 (03.08.93); 
original claims 2-8, 10 and 17 amended; other claims unchanged (3 pages)] 

1. A method far enhancing methionine production in a fermentation pr ows of a 
microbial cell by modifying the methionine biosynthetic pathway of said cell 
oonprising the steps of: 

i. transform ing or transducing a homoserine-activating enzyme gene 
fragment capable of expressing said hcnoserine-activating enzyme and a 
sulfur-incorporating enzyme gene fragment capable of expressing said sulfur 
enzyme into said oell; 

ii. growing said oell under such conditions that transformation or 
transduction of both gene enzymes are effected; 

iii. recovering a transformed or transduced oell; and 

iv. adding an exog en o u s sulfur ocnpound other than cysteine or methionine 
to said transformed or transduced oell as the sulfur source for methionine 
production* 

2. the method of claim 1 therein said exogenous sulfur o cnpou nd is a reduced 
sulfur ocnpound consisting of hydrogen sulfide, methyl mercaptan or a salt 
thereof. 

3. The method of claim 1 wherein said, exogenous sulfur ocnpoun d is an oxidized 
sulfur ocnpound consisting of sulfate, .sulfite or thiosulfate. 

4. The method of claim 2 or 3 wherein said hcnoserine-activating enzyme is 
selected from the group consisting of homoserine kinase, hcnoserine 
acetyltransf erase and hcnoserine suocinyltransf erase . 

5. The method of claim 2 or 3 wherein said sulfur-incorporating enzyme is 
selected fran the group consisting of O^uocinylhomoserine (thiol) -lyase, O 
aoetylhcncserine (thiol) -lyase and plant cystathionine gamma synthase. 

6. The method of claim 2 wherein said sulfur-incorporating enzyme converts 
homoserine and said hydrogen flnlfirt* or a salt thereof directly to homocysteine. 

7* The method of claim 2 wherein said sulfur-incorporating enzyme converts 
hoooserine and said methyl mercaptan or a salt thereof directly to methionine. 



15 



8. Ohe method of claim 3 wherein said sulfur^inoarparatinj enzyne converts 
homoserine directly to honocysteine. 

9. A method far enhancing homocysteine production in a fermentation process of 
a microbial cell by modifying the methicnire hiosynthetic pathway of said cell 
conprising the steps of: 

i. transforming or transducing a hoaoserine-activating enzyme gene 
fragment capable of expressing any said honoserine-activating enzyme hit 
not including homocysteine metftylase, and a sulfur-ircarporating enzyme 
gene fragment capable of expressing said rail fur enzyme into «^ pell; 

ii. growing said cell under such conditions that transformation or 
transduction of both gene enzyme fragments are effected; 

ill. recovering a transformed or transduced cell; ard 
iv. adding an exogenous sulfur oocpound other than methionine or cys tein e 
to the said transformed or transduced as the sulfur source for 
homocysteine production* 

10. -me method of claim 9 therein said exogenous sulfur ocepound is a r educed 
sulfur ocepound consisting of hydrogen sulfide,, or a salt thereof. 

11. The method of claim 9 wherein said exogenous sulfur ocepound is an oxidiz e d 
sulfur ocepound consisting of sulfate, sulfite or thiosulf ate. 

12. The method of claim 10 or 11 wherein said hemoserine-activating enzyme is 
selected from the group consisting of homoserine kinase, hceoserine 
acetyltransf erase and hemoserine suocinyltransferase. 

13. The method of claim 10 or 11 wherein said sulfur-incorporating enzyse is 
selected freer the group consisting of O-suocinylharoserine (thiol) -lyase, O- 
aoetylhonoserine (thiol) -lyase and plant cystathionine gansna synthase. 

14. The method of claim 10 wherein said sulfur-inc orpora ting enzyse converts 
homoserine and said hydrogen sulfide or a salt thereof directly to haaocysteine. 

15. The method of claim 11 therein said sulfur-incorporating enzyme converts • 
homoserine directly to homocysteira. 
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16. Tbe aetted of claim 1 or 9 therein said transformed or tra nsduced cell 
produces an amino acid that is greater than said amino acid of a non-tr an s f ornied 
or transduced cell* 

17. The method of claim 1 or 9 wherein said transformed or transduced cell is 
selected from the group consisting of Corynabactaria, firevihacteria or 
Escherichia csii. 
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